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Encoded combinatorial chemistry is provided, where 
sequential synthetic schemes are recorded using organic 
molecules, which de?ne choice of reactant, and stage, as the 
same or different bit of information. Various products can be 
produced in the multi-stage synthesis, such as oligomers and 
synthetic non-repetitive organic molecules. Conveniently, 
nested families of compounds can be employed as 
identi?ers, where number and/or position of a substituent 
de?ne the choice. Alternatively, detectable functionalities 
may be employed, such as radioisotopes, ?uorescers, 
halogens, and the like, where presence and ratios of two 
different groups can be used to de?ne stage or choice. 
Particularly, pluralities of identi?ers may be used to provide 
a binary or higher code, so as to de?ne a plurality of choices 
with only a few detachable tags. The particles may be 
screened for a characteristic of interest, particularly binding 
af?nity, where the products may be detachable from the 
particle or retained on the particle. The reaction history of 
the particles which are positive for the characteristic can be 
determined by the release of the tags and analysis to de?ne 
the reaction history of the particle. 
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COMPLEX COMBINATORIAL CHEMICAL 
LIBRARIES ENCODED WITH TAGS 

This application is a continuation of Us. Ser. No. 
08/722,014, ?led Feb. 7, 1997 now US. Pat. No. 6,503,759, 
Which is a §371 national stage of PCT International Appli 
cation No PCT/US95/04683, ?led Apr. 13, 1995, Which 
claims priority and is a continuation-in-part of US. Ser. No. 
08/227,007, ?led Apr. 13, 1994, noW U.S. Pat. No. 5,565, 
324, issued Oct. 15, 1996, the contents of Which are hereby 
incorporated by reference into the subject application. 

INTRODUCTION 

TECHNICAL FIELD 

The ?eld of this invention concerns combinatorial chem 
istry Which involves syntheses having a plurality of stages, 
With each stage involving a plurality of choices, Where large 
numbers of products having varying compositions are 
obtained. 

BACKGROUND OF THE INVENTION 

There is substantial interest in devising facile methods for 
the synthesis of large numbers of diverse compounds Which 
can then be screened for various possible physiological or 
other activities. Typically such a synthesis involves succes 
sive stages, each of Which involves a chemical modi?cation 
of the then existing molecule. For example, the chemical 
modi?cation may involve the addition of a unit, e.g. a 
monomer or synthon, to a groWing sequence or modi?cation 
of a functional group. By employing syntheses Where the 
chemical modi?cation involves the addition of units, such as 
amino acids, nucleotides, sugars, lipids, or heterocyclic 
compounds Where the units may be naturally-occurring, 
synthetic, or combinations thereof, one may create a large 
number of compounds. Thus, even if one restricted the 
synthesis to naturally-occurring units or building blocks, the 
number of choices Would be very large, 4 in the case of 
nucleotides, 20 in the case of the common amino acids, and 
essentially an unlimited number in the case of sugars. 

One disadvantage heretofore inherent in the production of 
large numbers of diverse compounds, Where at each stage of 
the synthesis there are a signi?cant number of choices, is the 
fact that each individual compound Will be present in a 
minute amount. While a characteristic of a particular 
compound, e.g. a physiological activity, may be 
determinable, it is usually impossible to identify the chemi 
cal structure of the particular compound present. 

Moreover, physiologically-active compounds have his 
torically been discovered by assaying crude broths using 
Edisonian or stochastic techniques, Where only a relatively 
feW compounds are assayed at a time, or Where a limited 
number of structurally similar homologs of naturally 
occurring physiologically-active compounds are assayed. 
TWo major problems have been associated With the use of 
such crude broths, namely, the necessity to purify the 
reaction mixture into individual component compounds and 
the time-consuming effort required to establish the structure 
of the compound once puri?ed. 

To address these disadvantages and problems, techniques 
have been developed in Which one adds individual units as 
part of a chemical synthesis sequentially, either in a con 
trolled or a random manner, to produce all or a substantial 
proportion of the possible compounds Which can result from 
the different choices possible at each sequential stage in the 
synthesis. HoWever, for these techniques to be successful it 
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2 
is necessary for the compounds made by them to be ame 
nable to methods Which Will alloW one to determine the 
composition of a particular compound so made Which shoWs 
a characteristic of interest. 

One such approach involves using a chip Which alloWs for 
separate analysis at physically separate sites on the surface 
of the chip (Fodor et al., Science 251: 767 [1991]). By 
knoWing Which reactant is added sequentially at each such 
site, one can record the sequence of events and thus the 
series of reactions. If one then subjects the chip to a 
screening method for a particular desired characteristic and 
detects the characteristic one can readily determine the 
compound synthesiZed at the site Which demonstrates that 
characteristic. 

Another such technique involves the theoretical synthesis 
of oligonucleotides in parallel With the synthesis of oli 
gopeptides as the compounds of interest (Brenner and 
Lerner, PNAS USA [1992] 81: 5381—5383). 

Further techniques are also disclosed in the folloWing 
publications: Amoto, Science (1992) 257, 330—331, dis 
cusses the use of cosynthesiZed DNA labels to identify 
polypeptides. Lam, et al., Nature (1991) 354, 82—84, 
describe a method for making large peptide libraries. 
Houghton, et al., Nature (1991) 354, 84—86, and Jung and 
Beck-Sickinger, Angew. Chem. Int. Ed. Engl. (1992) 91, 
367—383, describe methodology for making large peptide 
libraries. Kerr et al., J. Amer: Chem. Soc, (1993) 115, 
2529—31, teach a method of synthesiZing oligomer libraries 
encoded by peptide chains. Finally, international applica 
tions WO 91/17823 and WO 92/09300 concern combinato 
rial libraries. 

HoWever, since methods such as the preceding typically 
require the addition of like moieties, there is substantial 
interest in discovering methods for producing compounds 
Which are not limited to sequential addition of like moieties. 
Such methods Would ?nd application, for example, in the 
modi?cation of steroids, antibiotics, sugars, coenZymes, 
enZyme inhibitors, ligands and the like, Which frequently 
involve a multi-stage synthesis in Which one Would Wish to 
vary the reagents and/or conditions to provide a variety of 
compounds. In such methods the reagents may be organic or 
inorganic reagents, Where functionalities may be introduced 
or modi?ed, side groups attached or removed, rings opened 
or closed, stereochemistry changed, and the like. (See, for 
example, Bunin and Ellman, JACS 114, 10997 [1992].) For 
such a method to be viable, hoWever, there needs to be a 
convenient Way to identify the structures of the large number 
of compounds Which result from a Wide variety of different 
modi?cations. Thus, there is a need to ?nd a Way Whereby 
the reaction history may be recorded, and desirably, the 
structures of the resultant compounds identi?ed. 

Finally, as the siZe of a library of compounds so synthe 
siZed increases, knoWn techniques of structure elucidation 
and product segregation introduce substantial inef?ciencies 
and uncertainties Which hinder the accurate determination of 
the structure of any compound identi?ed as being of interest. 
Thus, there is a substantial need for neW methods Which Will 
permit the synthesis of complex combinatorial chemical 
libraries Which readily permit accurate structural determi 
nation of individual compounds Within the library Which are 
identi?ed as being of interest. 
Many of the disadvantages of the previously-described 

methods as Well as many of the needs not met by them are 
addressed by the present invention Which, as described more 
fully hereinafter, provides myriad advantages over these 
previously-described methods. 
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SUMMARY OF THE INVENTION 

Methods and compositions are provided for encoded 
combinatorial libraries, Whereby at each stage of the 
synthesis, a support, such as a particle, upon Which a 
compound is being synthesiZed is uniquely tagged to de?ne 
a particular event, usually chemical, associated With the 
synthesis of the compound on the support. The tagging is 
accomplished using identi?er molecules Which record the 
sequential events to Which the supporting particle is eXposed 
during synthesis thus providing a reaction history for the 
compound produced on the support. 

Each identi?er molecule is characteriZed by being stable 
under the synthetic conditions employed, by remaining 
associated With the supports during the synthesis, by 
uniquely de?ning a particular event during the synthesis 
Which re?ects a particular reaction choice at a given stage of 
the synthesis, by being distinguishable from other compo 
nents that may be present during assaying, and by alloWing 
for detachment of a tag component Which is discernible by 
a convenient, analytical technique. 

The identi?ers of this invention are used in combination 
With one another to form a tinary or higher order encoding 
system permitting a relatively small number of identi?ers to 
be used to encode a relatively large number of reaction 
products. For eXample, When used in a binary code N 
identi?ers can uniquely encode up to 2N different com 
pounds. 

Moreover, the identi?ers of this invention need not be 
bound serially through a previous identi?er but rather are 
individually bound to the substrate, either directly or 
through the product being synthesiZed. The identi?ers are 
not sequencable. Furthermore, the identi?ers contain a 
cleavable member or moiety Which permits detachment of a 
tag component Which can be readily analyZed. 

Conveniently, the combinatorial synthesis employs de?n 
able solid supports upon Which reactions are performed and 
to Which the identi?ers are bound. The individual solid 
supports or substrates carrying the ?nal product compounds 
may be screened for a characteristic of interest and the 
reaction history determined by analyZing the associated 
identi?er tags. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates the analysis of tag 4 by mass spectros 
copy. TWo signals corresponding to tag 4 Were observed. 

FIG. 2 illustrates the analysis of tag 11 by mass spectros 
copy. TWo signals corresponding to tag 11 Were observed. 

FIG. 3 illustrates the analysis of tag 13 by mass spectros 
copy. TWo signals corresponding to tag 13 Were observed. 

FIG. 4 illustrates the analysis of tags 4, 11 and 13 by is 
positive chemical ioniZation mass spectroscopy (PCIMS) 
When approximately equal amounts of each tag Were miXed 
together. TWo signals corresponding to each separate tag 
could easily be distinguished. 

FIG. 5 illustrates the mass spectrum and chromatogram 
for the underivativZed d-7 sample only. 

FIG. 6 illustrates the mass spectra and chromatograms 
shoWing the improvement in chromatography due to deriva 
tiZation of tags, a d-5 and d-7 miXed sample are assessed. 

DETAILED DESCRIPTION OF THE 
INVENTION 

As used in this application the term “tag” or “T” means a 
chemical moiety Which possesses tWo properties. First, it is 
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capable of being distinguished from all other chemical 
moieties. Second, it is capable of being detected When 
present at 10'18 to 10'9 mole. These tWo properties may be 
embodied in a single chemical structure. Alternatively, these 
properties may be embodied in separate chemical structures 
Which are linked together. In this latter case, one of the 
chemical structures, Which may be designated Q (or in the 
case of more than one such structure Q, Q, etc.) provides the 
property of rendering the tag distinguishable from other tags 
While the other chemical structure, E, provides the property 
of rendering the tag detectable and optionally may provide 
the property of rendering the tag separable from other tags. 
As used in this application, the term “linker” or “L” 

means a chemical moiety Which possesses three properties. 
First, it is attachable to a solid support. Second, it is 
attachable to a tag. Third, When it is attached to both a solid 
support and a tag, it is cleavable such that the tag may be 
released from the solid support. These three properties may 
be embodied in a single chemical structure. Alternatively, 
these properties are embodied in three chemical structures 
Which are linked together. In this latter case one of the 
chemical structures, Which may be designated F1, provides 
the property of rendering the linker attachable to the solid 
support; the second chemical structure, Which may be des 
ignated V, provides the property of rendering the linker 
cleavable; and the third chemical structure Which may be 
designed A‘, provides the property of rendering the linker 
attachable to the tag. Desirably, the chemical structures V 
and A‘ are one and the same, in Which case V-A‘ may be 
designated F2. 
As used in this application, the term “identi?er” means a 

chemical entity Which includes both a tag and a linker. Thus, 
in the broadest sense an identi?er may be represented by the 
formula L-T While speci?c embodiments of the identi?er 
may be represented by the formulae F1—V—A‘—T; 
F1—V—A‘—Q—E (or F1—V—A‘—E—Q); L—Q—E (or 
L—E—Q); and L—C—E—Q. 
As used in this application, the term “bound identi?er” 

means an identi?er attached to a solid support. 

As used herein, the term “choice” means the alternative 
variables for a given stage in a combinatorial synthesis, such 
as reactant, reagent, reaction conditions, and combinations 
thereof. The term “stage” corresponds to a step in the 
sequential synthesis of a compound or ligand; the compound 
or ligand being the ?nal product of a combinatorial synthe 
sis. 

The term “alkyl” includes linear, branched, and cyclic 
structures and combinations thereof. Thus, the term includes 
methyl, ethyl, propyl, isopropyl, butyl, sec- and tert-butyl, 
cyclopropyl, cyclobutyl, cyclopentyl, 2-methylcyclopropyl, 
and the like. LoWer alkyl is C1—C6 alkyl. LoWer alkenyl is 
C2—C6 alkenyl of a linear, branched, or cyclic con?guration 
and combinations thereof. 

Unless otherWise indicated, it is intended that the de?ni 
tions of any substituent (e.g., R1 R2, Z, etc.) in a particular 
molecule be independent of its de?nitions elseWhere in the 
molecule. Thus, NR“R4 represents NHH, NHCH3, 
NHCH2CH3, N(CH3)2, etc. 
Some of the compounds described herein contain one or 

more centers of asymmetry and may thus give rise to 
enantiomers, diastereoisomers, and other steroisomeric 
forms. The present invention is meant to include all such 
possible stereoisomers as Well as their racemic and optically 
pure forms. Optically active (R) and (S) isomers may be 
prepared using chiral synthons, chiral reagents, or resolved 
using conventional techniques. When the compounds 
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described herein contain ole?nic double bonds, it is intended 
to include both E and Z geometric isomers. 

The materials upon Which the combinatorial syntheses of 
this invention are performed are referred to herein inter 
changeably as beads, solid surfaces, (solid) substrates, 
particles, supports, etc. These terms are intended to include: 

a) solid supports such as beads, pellets, disks, capillaries, 
holloW ?bers, needles, solid ?bers, cellulose beads, 
pore-glass beads, silica gels, polystyrene beads option 
ally cross-linked With divinylbenZene, grafted co-poly 
beads, poly-acrylamide beads, lateX beads, dimethy 
lacrylamide beads optionally cross-linked With N,N‘ 
bis-acryloyl ethylenediamine, glass particles coated 
With a hydrophobic polymer, etc., i.e., a material having 
a rigid or semi-rigid surface; and 

b) soluble supports such as loW molecular Weight non 
cross-linked polystyrene. 

These materials must contain functionalities or must be 
able to be functionaliZed such that identi?ers or product 
intermediates may be attached to them. 

In addition, the folloWing abbreviations have the indi 
cated meanings: 

AcOH = acetic acid 

BSA = bis(trimethylsilyl)acetamide 

CAN = cerium (iv) ammonium nitrate 
DEAD = diethyl aZodicarboXylate 
DCM = dichloromethane 

DIC = diisopropylcarbodiimide 

DMF = N,N—dimethylformamide 

Fmoc = 9-?uorenylmethoxycarbonyl 
HOBt = 1-hydroxybenzotriazole 
PhMe = toluene 

r.t. = room temperature 

T'FA = tri?uoroacetic acid 

T'HF = tetrahydrofuran 

The subject invention concerns the production of libraries 
of products, i.e. compounds, Where the individual products 
or compounds present in the libraries may be physically 
separated from one another and may be screened for a 
characteristic of interest either bound to, or detached from, 
a solid support. By having serial syntheses, Where at each 
stage of a synthesis each of the individual intermediates is 
treated in a variety of Ways, a very large number of products 
is produced, each of Which is present in a small amount, 
frequently less than 100 pmol, more frequently less than 10 
nmol. Because of the small quantity of ?nal product or 
compound so produced, identifying these products by iso 
lating and structurally elucidating the products Would gen 
erally not be feasible. Moreover, in sequential synthesis 
involving other than the addition of similar units, the analy 
sis Would be arduous if not impossible using the amount of 
product typically available. HoWever, by associating each 
choice or combination of choices (e.g., “add reagent A” or 
“add reagent A, then reagent B, and heat to 100° C. for 2 
hrs.”) of the serial synthesis With a combination of identi?ers 
Which de?ne the choice of variables such as reactant, 
reagent, reaction conditions, or a combination of these, one 
can use the identi?ers to de?ne the reaction history of each 
de?nable and separable substrate. The analysis of tags 
detached from the identi?ers alloWs for ready identi?cation 
of the reaction history, at picomolar or loWer concentrations, 
e.g. femtomolar or less. One can determine a characteristic 
of a product of a synthesis, usually a chemical or biological 
characteristic by various screening techniques, and then 
identify the reaction history and thereby the structure of that 
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product, Which has the desired characteristic, by virtue of the 
tags associated With the product. 
The use of the instant multiple tag system avoids the 

necessity of carrying out a complicated cosynthesis Which 
reduces yields and requires multiple protecting groups, and 
avoids the necessity of using sequencable tags Which are 
necessarily chemically labile. Both the necessity of multiple 
protecting groups and the intrinsic instability of all knoWn 
sequencable tagging molecules (i.e., nucleic acid or peptide 
oligomers) severely limit the chemistry Which may be used 
in the synthesis of the library element or ligand. 

Moreover, the use of a binary, or higher order, multiple tag 
system reduces enormously the number of tags necessary to 
encode the reagent/reactant choice in any stage in a synthe 
sis. For example, if a particular synthetic stage could be 
carried With 128 different choices for reagent, the binary 
system Would require only 7 tags. This can make the 
difference betWeen a practical encoding system and an 
impractical one, because it may not be feasible to obtain and 
use the large number of distinguishable tags required by 
other systems. With the binary system of the invention, 30 
distinguishable tags are available and are suf?cient to 
encode >109 different syntheses. 

Importantly, the present method employs tags Which are 
detachable from a ligand or solid support for the purpose of 
decoding. Such detachability also alloWs the tags to be 
distinguished on more than one basis; in particular, they can 
be separated (e. g., on the basis of chromatographic retention 
time) and then analyZed (e.g., a second basis is a spectral 
property such as mass spectroscopy m/e, or 
electrophoricity). Having multiple bases for distinction 
allows the encoding of large amounts of information With a 
small number of tags. 

Detachment further alloWs tags to be detected at very loW 
levels, because they can be removed from the support matriX 
on Which the synthesis is effected and from the ligand 
synthesiZed, the presence of either of Which could provide 
spurious background signals, eg by quenching ?uorescence 
or the like. 

Detachable tags are also amenable to rapid analysis by 
automated sampling systems, and alloW for selective deriva 
tiZation for detection via functional groups, eliminating any 
incompatibility betWeen the detection moiety and the reac 
tion conditions used in the synthesis. 

Inherent in any tagging scheme is the requirement that the 
chemical characteristics of the tags and the chemical stages 
for their incorporation be compatible With the characteristics 
of the ligand and the stages in their synthesis, and vice versa. 
The advantage of tags that are generally unreactive, as 
exempli?ed hereinafter by the substituted 
aryloXypolymethylene moieties, is a greater range of chemi 
cal transformations and chemical functionality that can be 
employed in synthesis of the ligands. 
A further advantage of the chemically stable tags of this 

invention is their compatibility With a greater variety of 
rapid, convenient methods of separation and analysis, such 
as gas chromatography and mass spectrometry. Moreover, 
the organic tags of these invention generally do not speci? 
cally interact With biological receptors. Thus, these tags Will 
generally not give spurious results in biological assays and 
Will generally not be modi?ed by enZymes or other biologi 
cal molecules. 

Finally, the chemical stability of the present tags alloWs 
them to be detached by a Wide variety of methods Which 
improves sensitivity in their analysis as described above. 

Thus, this invention provides methods and compositions 
for encoded combinatorial synthesis Whereby at each stage 
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of the synthesis one or more identi?ers are provided Which 
encode an event associated With a particle stage in the 
synthesis of a compound on a support or particle. This event 
comprises the choice of reactant and/or reaction conditions 

8 
(N=3) and a base 2 code (M=2) Would allow up to 29 or 512 
different agent choices to be encoded. Using a base 3 code 
(M=3g and three identi?ers (N=3) Would alloW as many as 
27 (3 ) agent choices to be encoded. If the three identi?ers 

at that stage of the reactions Where each such stage may 5 ere represented as T1’ T2 a‘he T3’ and the absence et ah 
involve one or more reactants Which are the same or ldentl?er 15 represent“? as a .0 ’ lts presence at a qhahtlty of 
different under the same or different conditions e g partial ~05 pmol/bead as a 1 ’ and Its presence at a quanmy at ~10 

_ _ _ _ _ _ _’ pmol/bead as a ‘2’, then the 27 different agents could be 
reactions, mult1ple additions, rate ofadd1t1on, differing com- represented by three identi?ers in base 3 Code as. 

Agent 1 Agent 2 Agent 3 Agent 4 Agent 5 Agent 6 . . . Agent 27 

T1,T2,T3 0,0,0 1,0,0 2,0,0 0,1,0 1,1,0 2,1,0 2,2,2 

binations of reagents, etc. In addition, groups of particles To make such higher order encoding schemes practical, 

may be sequestered from other groups of particles and One additional identi?er at a gIVCIl quantity (€.g., subjected to a different series of events at any time during PIh01_/head)W0h1d he added teen members _O_f the hhrafy to 

the Course of the Sequential synthesis_ 20 provide a standard aga1nst WhlCh the quantities of all iden 
By providing N identi?ers, each having M distinguishable t1?ers Would be measured. The quantities of the identi?ers 

N . . could be measured by gas chromatography or HPLC With a 
states, M different syntheses can be uniquely de?ned. In the - - - variety of detection methods. In the case of HPLC, quanti 
ease of M=_2 Where the tWO States Could be the presence or ties could be conveniently measured by scintillation count 
absehce of ldehtlheh the syhthesls would thus be de?ned by ing if the identi?ers Were radioactively labeled by different 
a base 2 or hihary eode- Ih the ease of M=3 Where the three 25 quantities of a radionuclide such as tritium It Would be 
states could be the presence of an identi?er at tWo distin- particularly convenient to carry out the quantitation by 
guishable concentrations or its absence, the synthesis Would measuring the 3H-to-‘t‘tC ratio, thus using 14C as a standard. 
be de?ned by a base 3 code. Herein, such base M codes In this Way, as many as ten quantities of 3H could be 
Where M>2 are termed higher order codes. The advantage of distinguished to create a base 10 or decimal code (M=10) 
higher order codes over a binary code is that feWer identi- 30 Which could encode enormous amounts of information With 
?ers are required to encode the same quantity of information very feW identi?ers. 
about the synthesis. The products Which are produced Will Products and Synthetic Strategies 
be de?ned as resulting from a serial synthesis. At each stage For the most part, the products of the method of this 
in the synthesis, there is available a plurality of reactants invention Will be organic compounds Where the serial syn 
and/or reagents and/or conditions, Which result in a feature 35 thesis Will involve the addition or removal of chemical units, 
of the product in relation to an identi?able and usually reactions involving the modi?cation or introduction of one 
separable entity, e.g. tag. In referring to reactants and or more functionalities, ring openings, ring closings, etc. 
reagents, it is intended that the reactant, for the most part, Chemical units can take many forms, both naturally 
becomes incorporated into the product, eg an amino acid, occurring and synthetic, such as nucleophiles, electrophiles, 
nucleotide, nucleophile, electrophile, diene, alkylating or 40 dienes, alkylating or acylating agents, diamines, nucleotides, 
acylating agent, diamine, or any other synthon, etc. While a amino acids, sugars, lipids, or derivatives thereof, organic 
reagent may or may not become incorporated into the monomers, synthons, and combinations thereof. 
product, eg base, acid, heat, oxidiZing or reducing agent, Alternatively, reactions may be involved Which result in 
While both Will be included under the term “agent”. The alkylation, acylation, nitration, halogenation, oxidation, 
synthesis may involve individual reactants Which become 45 reduction, hydrolysis, substitution, elimination, addition, 
incorporated into the product. Alternatively, a stage may and the like. This process can produce non-oligomers, 
involve one or more reactions Which result in a modi?cation oligomers, or combinations thereof in extremely small 
of a reaction intermediate. In many cases, combinations of amounts, Where the reaction history, and composition in 
these possibilities Will be involved. appropriate cases, can be de?ned by the present tags. Non 

Using a base 2 or binary code (M=2) and three identi?ers 5O oligomers include a Wide variety of organic molecules, e.g. 
(N=3), as many as 8 (23) agents for a given stage in a heterocyclics, aromatics, alicyclics, aliphatics and combina 
synthesis may be encoded. If the three identi?ers are rep- tions thereof, comprising steroids, antibiotics, enZyme 
resented as T1, T2, and T3 and the presence or absence of inhibitors, ligands, hormones, drugs, alkaloids, opioids, 
each identi?er is represented as a ‘0’ or ‘1’ respectively, then 55 terpenes, porphyrins, toxins, catalysts, as Well as combina 
eight different agents could be represented in a binary code 
as folloWs: 

tions thereof. Oligomers include oligopeptides, 
oligonucleotides, oligosaccharides, polylipids, polyesters, 

Agent 1 Agent 2 Agent 3 Agent 4 Agent 5 Agent 6 Agent 7 Agent 8 

T1,T2,T3 0,0,0 1,0,0 0,1,0 1,1,0 0,0,1 1,0,1 0,1,1 1,1,1 

Similarly, even more information about the synthesis may 
be encoded by more identi?ers. For example, 9 identi?ers 

65 

polyamides, polyurethanes, polyureas, polyethers, poly 
(phosphorus derivatives) e.g. phosphates, phosphonates, 
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phosphoramides, phosphonamides, phosphites, 
phosphinamides, etc., poly (sulfur derivatives) e.g. sulfones, 
sulfonates, sul?tes, sulfonamides, sulfenamides, etc., Where 
for the phosphorous and sulfur derivatives the indicated 
heteroatom for the most part Will be bonded to C, H, N, O 
or S, and combinations thereof. 

Reactions may involve modi?cations at a variety of 
random sites of a central core molecular structure or modi 
?cations at a speci?c site. For example, one may brominate 
a polycyclic compound, Where bromination may occur at a 
plurality of sites or use a brominating agent Which Will be 
speci?c for a particular site, e.g., N-bromosuccinimide. For 
the most part, reactions Will involve single sites or equiva 
lent sites, for example, one of tWo hydroxyl groups of a 
glycol. 

For the most part, the subject synthesis Will have at least 
tWo stages Where other than bifunctional compounds are 
attached using the same linking functionality, e.g. amino 
acids and amide bonds, nucleotides and phosphate ester 
bonds, or mimetic compounds thereof, e.g., aminoisocyan 
ates and urea bonds. 

The methods of the invention permit variation in reaction 
at each stage, depending on the choice of agents and 
conditions involved. Thus, for amino acids, one may have up 
to 20 amino acids involved using the common naturally 
encoded amino acids and a much Wider choice, if one Wishes 
to use other amino acids, such as D-amino acids, amino 
acids having the amino group at other than the ot-position, 
amino acids having different substituents on the side chain 
or substituents on the amino group, and the like. For the 
different nucleic acids, there Will usually be up to 4 natural 
nucleic acids used for either DNA or RNA and a much larger 
number is available if one does not choose to use those 
particular nucleic acids. For the sugars and lipids, there are 
a very large number of different compounds, Which com 
pounds may be further increased by various substitutions, 
Where all of these compounds may be used in the synthesis. 
For individual organic compounds the choice may be astro 
nomically large. In addition, one may have mimetic analogs, 
Where ureas, urethanes, carbonylmethylene groups, and the 
like may substitute for the peptide linkage; various organic 
and inorganic groups may substitute for the phosphate 
linkage; and nitrogen or sulfur may substitute for oxygen in 
an ether linkage or vice versa. 

The synthetic strategies Will vary With the nature of the 
group of products one Wishes to produce. Thus, the strategy 
must take into consideration the ability to stage-Wise change 
the nature of the product, While alloWing for retention of the 
results of the previous stages and anticipating needs for the 
future stages. Where the various units are of the same family, 
such as nucleotides, amino acids and sugars, the synthetic 
strategies are relatively Well-established and frequently con 
ventional chemistry Will be available. Thus, for nucleotides, 
phosphoramidite or phosphite chemistries may be 
employed; for oligopeptides, Fmoc or Boc chemistries may 
be employed Where conventional protective groups are used; 
for sugars, the strategies may be less conventional, but a 
large number of protective groups, reactive functionalities, 
and conditions have been established for the synthesis of 
polysaccharides. For other types of chemistries, one Will 
look to the nature of the individual unit and either synthetic 
onportunities Will be knoWn or Will be devised, as appro 
priate. 

In some instances, one may Wish to have the same or 
different blocks introduced at the same or different stages. 
For example, one may Wish to have a common peptide 
functional unit, eg the ?bronectin binding unit (RGDS), a 
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10 
polysaccharide, e.g. Le", an organic group, eg a lactam, 
lactone, benZene ring, ole?n, glycol, thioether, etc. intro 
duced during the synthesis. In this manner one may achieve 
a molecular context into Which the variation is introduced. 
These situations may involve only a feW stages having the 
plurality of choices, Where a large number of products are 
produced in relation to a particular functional entity. This 
could have particular application Where one is interested in 
a large number of derivatives related to a core molecule or 
unit knoWn to have a characteristic of interest. 

In developing synthetic strategies, one can provide for 
batch synthesis of a feW compounds Which Would be pre 
pared during the course of the combinatorial synthesis. By 
taking extreme examples, for example, syntheses Which 
might involve steric hindrance, charge and/or dipole 
interactions, alternative reaction pathWays, or the like, one 
can optimiZe conditions to provide for enhanced yields of 
compounds Which might not otherWise be formed or be 
formed only in loW yield. In this manner, one may alloW for 
a variety of reaction conditions during the combinatorial 
synthesis, involving differences in solvent, temperatures, 
times, concentrations, and the like. Furthermore, one may 
use the batch syntheses, Which Will provide much higher 
concentrations of particular products than the combinatorial 
synthesis, to develop assays to characteriZe the activity of 
the compounds. 
Surports: Attachment and Detachment 
The synthetic protocol requires that one provide for a 

plurality of different reactions involving different reactants 
resulting in a plurality of different intermediates at each 
stage of the synthesis. While other techniques are available, 
this can be achieved most conveniently by employing small 
de?nable solid substrates, commercially available as beads, 
Which can be readily mixed, separated, and serve as a solid 
substrate for the sequential synthesis. The solid substrates 
may be solid, porous, deformable or hard, and have any 
convenient structure and shape. In some instances, magnetic 
or ?uorescent beads may be useful. The beads Will generally 
be at least 10—2000 pm, usually at least 20—500 pm, more 
usually at least 50—250 pm in diameter. 
Any convenient composition can be used for the particles 

or beads, Which bead composition Will maintain its mechani 
cal integrity during the various process stages, can be 
functionaliZed, has functional groups or alloWs for reaction 
With an active species, alloWs for the serial synthesis as Well 
as attachment of the identi?ers, can be readily mixed and 
separated, and Will alloW for convenient detachment of the 
tags and products. Beads Which may be employed include 
cellulose beads, controlled-pore glass beads, silica gel, poly 
styrene beads, particularly polystyrene beads cross-linked 
With divinylbenZene, grafted co-polymer beads such as 
polyethyleneglycol/polystyrene, polyacrylamide beads, 
latex beads, dimethylacrylamide beads, particularly cross 
linked With N,N‘-bis-acryloyl ethylene diamine and com 
prising N-t-butoxycarbonyl-[3-alanyl-N‘-acryloyl hexameth 
ylene diamine, composites, such as glass particles coated 
With a hydrophobic polymer such as cross-linked polysty 
rene or a ?uorinated ethylene polymer to Which is grafted 
linear polystyrene; and the like. General revieWs of useful 
solid supports (particles) that include a covalently-linked 
reactive functionality may be found in Atherton, et al., 
Prospectives in Peptide Chemistry, Karger, 101—117 (1981); 
Amamath, et al., Chem. Rev. 77:183—217 (1977); and 
Fridkin, The Peptides, Vol. 2, Chapter 3, Academic Press, 
Inc., (1979), pp. 333—363. 

Depending upon the nature of the synthetic procedure or 
the assay of the ?nal product, one or another bead may be 
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more or less desirable. While beads are especially 
convenient, other solid supports may also ?nd use, such as 
capillaries, holloW ?bers, needles, solid ?bers, etc., Where 
the siZe of the solid support alloWs for the desired variation 
in reaction histories. 

Depending upon the nature of the synthesis, the beads 
may be functionaliZed in a variety of Ways to alloW for 
attachment of the initial reactant. These may be linked 
through a non-labile linkage such as an ester bond, arnide 
bond, arnine bond, ether bond, or through a sulfur, silicon, 
or carbon atom, depending upon Whether one Wishes to be 
able to remove the product from the bead. Conveniently, the 
bond to the bead may be permanent, but a linker betWeen the 
bead and the product may be provided Which is cleavable 
such as eXernpli?ed in Table 1. TWo or more different 
linkages may be employed to alloW for differential release of 
tags and/or products. 

Depending upon the nature of the linking group bound to 
the particle, reactive functionalities on the bead may not be 
necessary Where the manner of linking alloWs for insertion 
into single or double bonds, such as is available With 
carbenes and nitrenes or other highly-reactive species. In 
this case, the cleavable linkage Will be provided in the 
linking group Which joins the product or the tag to the bead. 

Desirably, When the product is permanently attached, the 
link to the bead Will be eXtended, so that the bead Will not 
sterically interfere With the binding of the product during 
screening. Various links may be employed, particular hydro 
philic links, such as polyethyleneoXy, saccharide, polyol, 
esters, arnides, combinations thereof, and the like. 

Functionalities present on the bead may include hydroXy, 
carboXy, iminohalide, amino, thio, active halogen (Cl or Br) 
or pseudohalogen (e.g., —CF3, —CN, etc.), carbonyl, silyl, 
tosyl, rnesylates, brosylates, tri?ates or the like. In selecting 
the functionality, some consideration should be given to the 
fact that the identi?ers Will usually also become bound to the 
bead. Consideration Will include Whether the same or a 
different functionality should be associated With the product 
and the identi?er, as Well as Whether the tWo functionalities 
Will be compatible With the product or identi?er attachment 
and tag detachrnent stages, as appropriate. Different linking 
groups may be employed for the product, so that a speci?c 
quantity of the product may be selectively released. In some 
instances the particle may have protected functionalities 
Which may be partially or Wholly deprotected prior to each 
stage, and in the latter case, reprotected. For example, arnino 
may be protected With a carbobenZoXy group as in polypep 
tide synthesis, hydroXy With a benZyl ether, etc. 
Where detachment of the product is desired, there are 

numerous functionalities and reactants Which may be used. 
Conveniently, ethers may be used, Where substituted benZyl 
ether or derivatives thereof, eg benZhydryl ether, indanyl 
ether, etc. may be cleaved by acidic or mild reductive 
conditions. Alternatively, one may employ [3-elirnination, 
Where a mild base may serve to release the product. Acetals, 
including the thio analogs thereof, may be employed, Where 
mild acid, particularly in the presence of a capturing carbo 
nyl compound, may serve. By combining forrnaldehyde, 
HCl and an alcohol rnoiety, an ot-chloroether is formed. This 
may then be coupled With an hydroXy functionality on the 
bead to form the acetal. Various photolabile linkages may be 
employed, such as o-nitrobenZyl, 7-nitroindanyl, 
2-nitrobenZhydryl ethers or esters, etc. Esters and arnides 
may serve as linkers, Where half-acid esters or arnides are 
formed, particularly With cyclic anhydrides, folloWed by 
reaction With hydroXyl or arnino functionalities on the bead, 
using a coupling agent such as a carbodiirnide. Peptides may 
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be used as linkers, Where the sequence is subject to enZy 
rnatic hydrolysis, particularly Where the enzyme recogniZes 
a speci?c sequence. Carbonates and carbarnates may be 
prepared using carbonic acid derivatives, e.g. phosgene, 
carbonyl diirnidaZole, etc. and a mild base. The link may be 
cleaved using acid, base or a strong reductant, e.g., LiAlH4, 
particularly for the carbonate esters. For a list of cleavable 
linkages, see, for example, Greene and Wuts, Protective 
Groups in Organic Synthesis, 2nd ed. Wiley, 1991. The 
versatility of the various systems that have been developed 
alloWs for broad variation in the conditions for attachment of 
products and identi?ers and differential detachment of prod 
ucts and tags, as desired. 

The folloWing table indicates various illustrative linking 
units (i.e., F2 in Formula I) and the manner in Which they 
may be cleaved: 

TABLE 1 

Various illustrative linking units and the 
manner in Which they may be cleaved. 

Linking Group Cleavage Reagent 

X = keto, ester, amide, 

N02, sul?de, sulfoXide, 
sulfone, and related 
electron Withdrawing 
groups 
I H3O+ or reduction (e.g. 

Li/NH3) 

K Li, Mg, or BuLi 

N Zn or Mg 
X = halogen or 

pseudohalogen 
O oxidation (e.g. Pb(OAc)4 

or H5IO6) 
P base 
X = electron Withdrawing 

group 

*(L) shoWs the point of attachment of the tag or product. 
N0Z 

R R 
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TABLE l-continued 

Various illustrative linking units and the 
manner in Which the ma be cleaved. 

Linking Group Cleavage Reagent 

0 0 

F: / X \(L) OR O><R 
R R 

0 (L) 

R 

/\/0\ H- /X (L) 

o 

@J m 
J- Mod) 

Br 

s o 

X 

N: o 

\<L> 
0H 

o= o\ 

(L) OH OH OH (L) 

P: M}; OR MX 
(L) 

(L) is the tag or product either directly bonded to the 
indicated atom or indirectly bonded through a linking group 
such as C(O)O, Which linking group may provide a conve 
nient functionality. 
R is H or loWer alkyl. 

Linker. 
The choice of linker for the ligand Will be part of the 

synthetic strategy, since the linking group may result in a 
residual functionality on the product. It is feasible to further 
modify the product after detachment from the bead. In 
designing the synthetic strategy, one can use a functionality 
to be retained in the product as the point of attachment for 
the linking group. Alternatively, When permitted by the 
nature of the product, one could use a cleavage or detach 
ment method Which removes the linking functionality, e.g., 
an arylthioether or silyl With a metal hydride or acid. Since 
in many cases the synthetic strategy Will be able to include 
a functionalized site for linking, the functionality can be 
taken advantage of in choosing the linking group. In some 
instances it may be desirable to have different functionalities 
at the site of linking the product to the support, Which may 
necessitate using different modes of linking, Which modes 
must accommodate either the same detachment method or 
different detachment methods Which may be carried out 
concurrently or consecutively, e.g., irradiation With light and 
acid hydrolysis. 
Of particular interest for binding the identi?ers to the 

particle are carbenes and nitrenes Which can insert between 
a carbon and hydrogen atom to form a covalent bond, or into 
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14 
an ole?nic bond to form a cyclopropane (in the case of 
carbene) or an aziridine (in the case of nitrene). 
With carbene or nitrene linking groups various substituted 

benzenes may be used, Where the benzene is substituted With 
a group capable of providing a carbene: CHN2, COCHN2, 
SOZCHNZ; or nitrene: N3, N02, NO, SO2N3. The carbenes 
may be generated from diazoalkane derivatives by 
photolysis, thermolysis, or by treatment With loW valent 
transition metal species, e.g., Rh(OAc)2. The nitrene may be 
generated by photolysis or thermolysis from azides; and 
from nitro, nitroso and azides by using tervalent phosphorus 
compounds or loW valent transition metals. 
A group of linker moieties (F1—F2—) of particular inter 

est include 2-nitro-4-carboXybenzyloXy, 2-nitro-4 
diazoacetylbenzyloxy, 4 or 5 azidomethylcarbonyl-2 
methoXyphenoXy, and 2-methoXy-4, or 5-carboXyphenoXy 
moieties. 

Illustrative compounds Where T represents the tag, Z 
represents a carbene or nitrene precursor or a carboXy group, 
and R is H or loWer alkyl are as folloWs. For photochemical 
tag detachment (e.g., With ultraviolet light at about 350 nm): 
T 3-Z-2-nitrobenzyl ether, T 4-Z-2-nitrobenzyl ether, T 
5-Z-2-nitrobenzyl ether, T 6-Z-2-nitrobenzyl ether, T 2-Z 
4-nitrobenzyl ether, T 3-Z-4-nitrobenzyl ether, T 3-Z-2 
nitrobenzyl carbonate, T 4-Z-2-nitrobenzyl carbonate, T 
5 -Z-2-nitrobenzyl carbonate, T 6-Z-2-nitrobenzyl carbonate, 
T 2-Z-4-nitrobenzyl carbonate, and T 3-Z-4-nitrobenzyl 
carbonate. For oXidative detachment (e.g., using ceric 
ammonium nitrate): 1-OT-2-OR-3-Z-benzene, 1-OT-2-OR 
4-Z-benzene, 1-OT-2-OR-5-Z-benzene, 1-OT-2-OR-6-Z 
benzene, 1-OT-4-OR-2-Z-benzene, and 1-OT-4-OR-3-Z 
benzene. For reductive or alkylative detachment (eg with 
lithium/ammonia or methyl iodide): T (2-Z-phenyl) 
thioether, T (3-Z-phenyl)thioether, and T (4-Z-phenyl) 
thioether. For desilylative detachment (e.g., using tetrabutyl 
ammonium ?uoride or acid): T dialkyl-(2-Z-phenyl)silyl 
ether, T dialkyl-(3-Z-phenyl)silyl ether, T dialkyl-(4-Z 
phenyl)silyl ether, T-dialkyl-(2-Z-phenyl)silane, T-dialkyl 
(3-Z-phenyl)silane, and T-dialkyl-(4-Z-phenyl)silane. 
Combinatorial Synthesis 
The synthesis Will usually involve stages involving at 

least 2 choices, frequently at least 4 choices, and may 
involve 10 choices or more. Generally, the number of 
choices per stage Will not exceed about 100, more usually 
not exceed about 50. The number of stages Will usually be 
at least about 3, more usually at least about 4, frequently at 
least 5, and not more than about 30, more usually not more 
than about 25, preferably not more than about 20, more 
preferably not more than about 10, frequently not more than 
about 8. 
The number of choices and stages Will usually result in at 

least a number of compounds Which alloWs for a sufficient 
variety to provide a reasonable likelihood that at least one 
compound Will have the characteristic of interest. The sub 
ject methodology alloWs for producing greater than 25,000 
compounds, usually greater than 50,000 compounds, pref 
erably greater than 200,000 compounds, and a million or 
more may be produced. This Will usually mean at least 20 
compounds but may be 106 or more. 

In some syntheses, a stage may only involve one or tWo 
choices, but this situation Will usually be limited in relation 
to the number of compounds one Wishes to produce and the 
particular synthetic strategy. In many of the strategies, the 
restricted number of choices, i.e., feWer than 5 choices, more 
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usually 2 or fewer choices, Will be limited to the greater of 
40% of the total number of stages or about 2 stages in the 
sequential synthesis, more usually limited to 20% of the total 
number of stages. 
Reaction Procedure. 

In carrying out the synthesis, one may initially begin With 
a number of beads, usually at least 103, more usually 104, 
and desirably at least 105, While generally not exceeding 
1015, more usually not exceeding at least 1010. Depending 
upon the number of choices in the ?rst stage, one Will divide 
up the particles accordingly into as many containers. One 
can use microtiter Well plates, individual containers, 
columns, gels, Terasaki plates, ?asks, Merri?eld synthesis 
vessels, etc. The particles Will usually be divided up into 
groups of at least one particle each, usually a plurality of 
particles, generally 1000 or more, and may be 105 or more 
depending on the total number of particles and choices 
involved in the stage. 

One Would then add the appropriate agents to each of the 
individual containers to process them in stages and add the 
identi?ers Which encode the reagent and stage. Each stage 
Would provide the desired reaction. Once the reaction(s) is 
complete, one may Wish to Wash the beads free of any 
reagent, folloWed by combining all of the beads into a single 
mixture and then separating the beads according to the 
number of choices for the next stage. This procedure of 
dividing beads, folloWed by the tagging and synthesis stages 
(or vice versa), and then recombining beads is iterated until 
the combinatorial synthesis is completed. 

In some instances, the same reaction may be carried out 
in 2 or more containers to enhance the proportion of product 
having a particular reaction at a particular stage as compared 
to the other choices. In other instances, one or more of the 
stages may involve a portion of the beads being set aside and 
undergoing no reaction, so as to enhance the variability 
associated With the ?nal product. In other situations, batches 
may be taken along different synthetic pathWays. 

In order to record or encode the synthesis history on the 
beads, at each stage one Would tag the beads associated With 
each choice and stage With their oWn unique combination of 
identi?ers. Alternately one may use a single tag to record or 
encode this synthesis history. Depending on the chemistries 
involved, this tagging may be done prior to, after, or 
concomitantly With the reactions Which comprise each 
choice. Further, as a control, sample beads may be picked at 
any stage and a portion of their tags cleaved off and decoded 
to verify that the correct tags are bound to the sample beads. 
As indicated previously, in some instances, portions of the 

particles Will be segregated into subsets, Where each of the 
subsets Would then undergo a different reaction series. At 
any time, the portions may be recombined into a single 
mixture for subsequent reaction. For example, if at one stage 
one introduces unsaturation, one could provide tWo subsets, 
Where in one subset the unsaturation is reduced, While in the 
other subset the unsaturation is epoxidiZed. These tWo 
subsets could then be subjected to different reaction series. 

After synthesis of the products is complete, they are 
screened for a desired property either after detachment of the 
ligand from the bead or While still attached. In the latter case, 
beads, for example, may be incubated in aqueous buffer With 
mouse monoclonal antibody Y. After incubation and 
Washing, the beads are incubated With alkaline phosphatase 
conjugated rabbit (or goat) polyclonal antibody directed 
against mouse antibodies. Using a ?uorescent precipitation 
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16 
developing reagent, ?uorescent beads With attached mono 
clonal antibody are identi?ed and manually separated from 
the majority of clear, unstained beads. Alternatively, the 
?uorescent beads can be separated using a ?uorescence 
activated cell sorter, so long as the tags are retained on the 
bead under the conditions of sorting. Each selected ?uores 
cent bead is subjected to a means for releasing at least some 
portion of all of the tags from the bead. 

In instances Where the synthesis does not involve the 
stageWise addition of like units, or Where reaction byprod 
ucts are formed, there may be instances Where there Will be 
a plurality of compounds on a single bead or the structure of 
the active comnound cannot be knoWn from its reaction 
history. In accordance With the subject invention, by knoW 
ing the reaction history, one may repeat the synthesis on a 
larger scale so as to obtain a sufficient amount of the 

product(s) to isolate the product(s) and structurally identify 
the active compound. 
The subject methodology may be illustrated using various 

reaction sequences. For example, barbiturates may be pre 
pared by combining an aldehyde or ketone With an acetate 
ester to prepare a crotonate under Claisen conditions to 

provide an unsubstituted to tetrasubstituted crotonate. The 
crotonate may then be combined With a second acetate under 

Michael conditions, Whereby a glutarate may be obtained 
having up to 6 substituents. The glutarate may then re 
combined With ammonia or monosubstituted amine co pro 

vide the barbiturate. By varying the aldehydes and ketones, 
the acetates and the amines, a great variety of barbiturates 
may be obtained. Where functionalities are present on one or 

more of the substituents, such as amino, carboxy, hydroxy, 
thiol, and the like, these groups may be protected or modi 
?ed as desired. 

In another example described by Bunin and Ellman, J. 
Am. Chem. Soc, 114, 10997 (1992), benZodiaZepines are 
produced. One begins the synthesis With different amino 
protected substituted 2-aminobenZophenones bound to indi 
vidual particles through, for example, a 4‘-oxy group. 

To each different group of particles in different vessels, 
after deprotection, are added a different Fmoc-protected 
ot-amino acid, either naturally occurring or synthetic, under 
conditions Where a peptide bond is formed. After 
deprotection, internal cycliZation is caused, folloWed by 
alkylation on nitrogen With an alkylating agent. In only three 
stages, a very large number of benZodiaZepines are prepared 
and the libraries may be screened for tranquiliZing or other 
activity. 
AWide variety of drug analogs may be produced, such as 

analogs of antihypertensive agents, e.g. enalapril; 
[3-blockers, e.g. propanolol; antiulcer drugs (HZ-receptor 
antagonists) e.g. cimetidine and ranitidine; antifungal agents 
(cholesterol-demethylase inhibitors) e.g. isoconaZole; 
anxiolytics, e.g. diaZepam; analgesics, e.g. aspirin, 
phenacetamide, and fentanyl; antibiotics, e.g. vancomycin, 
penicillin and cephalosporin; antiin?ammatories, e.g. corti 
sone; contraceptives, e.g. progestins; abortifacients, e.g. 
RU-456; antihistamines, e.g. chlorphenamine; antitussives, 
e.g. codeine; sedatives, e.g. barbitol; etc. 
An illustrative synthesis of cimetidine analogs could 

involve hydroxymethylsubstituted histidines, and related 
heterocycles, Where the remaining carbon atoms or nitrogen 
atoms could be further substituted or unsubstituted, ot,u) 
aminoalkylthiols, and substituted thioamidine esters, Where 
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the groups on nitrogen could be varied, such as nitro, cyano, 
hydroxy, alkyl, combinations thereof, and the like. 
Identi?er 

The identi?ers of this invention may be represented by the 
Formula I: 

Where F1—F2 is a linker Which allows for attachment to a 
support and detachment of the tag from a support; and 
Q—E—Q‘ is the tag Which is capable of detection and 

distinguishability; 

E is a tag component Which (a) alloWs for detection, such 
as an electrophoric group Which can be analyZed by gas 
chromatography or mass spectroscopy or (b) alloWs for 
detection and for separation; 

Q and Q‘ are tag components Which alloW for individually 
distinguishing one tag from all other tags, usually 
alloWing for separation as a result of variable length or 
substitution, for example, varying the chromatographic 
retention time or the mass spectroscopy ratio m/e; 

F2 is a linking component capable of being selectively 
cleaved to release the tag component; and 

F1 is a functional group Which provided for attachment to 
the support; or 

F2 is a bond When F1 is a cleavable group such as OH or 

carboxy. 
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Although the identi?ers of Formula I are typically added 

at each appropriate stage and choice during the combinato 
rial synthesis, the portion E can be added at the end of the 
syntheses either before or after cleavage (preferably photo 
chemically or oxidatively) from the substrate. Speci?cally, 
Where Q contains OH, NHR4, or SH, E can be attached to Q 
prior to cleavage. Alternatively, if E is attached after 
cleavage, the point of attachment at Q may be Where F2 Was 
attached. This is exempli?ed in the scheme on the folloWing 

page: 

No2 

CLEAVE Q OFF 

O—(CR'2)“_H (e.g. hv) 

NO 

+ HO- (cR'2),,—H 

CHO 

F SOZCI 

F F 

OR 

F COCI 

F N(CH3)2 

@ 
Where S=substrate and 

n=1—40 
Attachment of the identi?er to the substrate can be 

represented as folloWs: 

Where F1‘—F2—Q—E—Q‘ represents the identi?er residue 
attached to the substrate. For example, When the bead is 
functionaliZed With an aminomethyl group and F1 is COZH, 
then F1‘ is —C(O)—; When the bead contains an unsaturated 
bond and F1 is N2CH—C(O)—, then F1‘ is =CH—C(O)— 
or —CH2—C(O)—. 
Of particular interest for use as identi?ers are compounds 

of Formula I of the Formula Ia: 
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wherein: 

F2 is 

4GB, 
40, 

25 

35 

—continued 
A— 

0R1 

cij/A 
OR1 

A— 0R1 

oil/0R1 I Q 
A— 

@A— A— 
A— 7 qA— , 

A_ 

0R1 

Q56 ’ —o 

R1 R1 
R1 

R1 A— 

—o 0R1, OR 

R1 

R1 A 

—o 0R1. 

Q is a bond; C1—C2O alkylene optionally substituted by 
1—40 F, Cl, Br, C1—C6 alkoXy, NR4R4, 0R4, or NHR4, 
or —t(c(R4)2)m—Y—Z—Y—(c(R4>2),Y—Z— 
Y]p—; With the proviso that the maximum number of 
carbon atoms in Q+Q is preferably 20; 

E is C1—C1O alkyl substituted by 1—20 F, Cl or Br; or 
Q-aryl Wherein the aryl is substituted by 1—7 F, Cl, 
N02, SOZRS, or substituted phenyl Wherein the sub 
stituent is 1—5 F, Cl, N02, or SOZRS; 

E—Q may be —H, —OH, or amino; 

R3 is C=O, C(O)O, C(O)NR1, S, S0, or S02; 

a is 1—5; 
b is 1—3; 
m and n is each 0—20; 
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p is 1—7; 
Q is a bond, 0, s, NHR“, c=o, —C(O)NR5, —NRSC 
(O)—, —C(O)O—, or —OC(O)—; 

X is a leaving group such as Br, Cl, tri?ate, mesylate, 
tosylate, or OC(O)OR5; 

Y is a bond, O, S, or NHR4; 
Z is a bond; phenylene optionally substituted by 1—4 F, 
Cl, Br, C1—C6 alkyl, C1—C6 alkoXy, C1—C6 alkyl substi 

tuted by 1—13 F, Cl, or C1—C6 alkyloXy substituted by 
1—13 F, Cl, or Br; (C(R4)2)1_2O; or (CF2)1_2O; With the 
proviso that When Z is a bond one of its adjacent Y’s 
is also a bond; and 

aryl is a mono- or bi-cyclic aromatic ring containing up to 
10 carbon atoms and up to 2 heteroatoms selected from 
O, S, and N. 

In the de?nitions of F2 in Formula la, the left-hand bond 
as depicted attaches to F1. 

Also useful as identi?ers are compounds of the Formula 

Ia‘; 

F1—(Q(E—Q)a Ia’ 

Wherein: 

F1 is OH or COOH; and 
the remaining de?nitions are as in Formula Ia. 
Preferred compounds of Formula Ia are those Wherein; 

F1 is CO2H, OH, CHN2, C(O)CHN2, C(O)X, NCS, or 
CHZX: 

F2 is 

@C @Q, 
NO2— 

4@ @018 A_ , 

A— i; 

OR1 

A— , 

—o 

R1 R1 

C and Q is each independently C1—C2O alkylene or 
C1—C2O alkyl, respectively, unsubstituted or substituted 
by 1—40 F or Cl, or [O—(CH2)2_3]p; 

E is C1—C1O alkyl substituted by 1—20 F or Cl; Q-aryl 
Where aryl is a bi-cyclic aromatic ring substituted by 
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1—7 F or Cl; or Q-phenyl substituted by 1—5 F, Cl, N02, 
or SOZRS; and 

o is a bond, 0, —NR5C(O)—, or _oc(o)_. 
Preferred compounds of Formula Ia are those Wherein 

—C (E—Q)a is represented by —(CH2)O_15—(CF2)1_15F, 

Wherein Ar is penta?uoro- pentachloro-, or 
pentabromophenyl, 2,3,5,6-tetra?uoro-4(2,3,4,5,6 
penta?uorophenyl)phenyl, 2,4,6-trichlorophenyl, 2,4,5 
trichlorophenyl, 2,6-dichloro-4-?uorophenyl, or 2,35,6 
tetra?uorophenyl. 

A preferred embodiment of Formula la is Wherein F1 is 
COOH, CHN2, C(O)CHN2, S(O2)CHN2, COCl, OH, SH, 
CHZX, or NHRl; 

Wherein F2 is 

Wherein A is —O— or —OC(O)O—; 

Wherein Ar is penta?uoro-, pentachloro-, or 
pentabromophenyl, 2,3,5,6-tetra?uoro-4(2,3,4,5,6 
penta?uorophenyl)phenyl, 2,4,6-trichlorophenyl, 2,4,5 
trichlorophenyl, 2,6-dichloro-4-?uorophenyl, or 2,35,6 
tetra?uorophenyl. 

Other preferred compounds of Formula Ia are represented 
by the formulae: 

No2 

HO 
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-continued 

N02 

O 

2 NO 0 

i (CH2)1i15_O0i1_ AT 
0 0/ 

HO 

0 

MeO 

o cHN2 

O_ (CH2)0i15— (CFQHSF, OR 

MeO~ i 

0 CHNZ 

OMe 

O CHNZ 

MeO 

, and 

sozcnN2 
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-continued 

O— (CH2)1i15— O—Af 

MeO 

so2cHN2 

wherein Ar is penta?uoro-, pentachloro-, or 

pentabromophenyl, 2,3,5,6-tetra?uoro-4(2,3,4,5,6 
penta?uorophenyl)phenyl, 2,4,6-trichlorophenyl, 2,4,5 
trichlorophenyl, 2,6-dichloro-4-?uorophenyl, or 2,35,6 
tetra?uorophenyl. 

Other preferred compounds of Formula Ia are those 

Wherein E—Q is H, OH, or NH2. Such compounds are 
particularly useful for reaction With an E at the end of 
the combinatorial synthesis, especially With an E 
detectable by ?uorescence or electron capture, such as 
dansyl chloride or polyhalobenZoylhalide. 

Another embodiment of the invention is represented by 
the following compound: 

O — (CH2) 0720 CH3 

The compounds of Formula I can be prepared according 
to the folloWing eXemplary schemes or other means knoWn 
to those skilled in the art. 

SCHEME 1 
Identifier Tag Preparation 

X 

X OH 

+ 

X X 

X 

ELECTROPHORIC PHENOL, ArOH 

/ (CH2)11\ 1 Eq, Cs2CO3'DMF / (CH2)I.\ /Ar 
HO Br 900 C- 2 hr HO O 

X = Cl OR F. 

(CH2)n Ar TOLUENE 
HO/ \ / —> 

OH 

O lBuO 

i (CH) A N02 2 n T 

c1 0/ \o/ O 
PYRIDINE'CHZClZ 
























































